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[Title of the Invention] METHOD OF MANUFACTURING LIQUID
CRYSTAL DISPLAY PANEL

[Abstract]

[Object] There is provided an improved method of
manufacturing a liquid crystal display panel which does not
require an injection port as a simplified process of
injecting the liquid crystal.

[Solving Means] This liquid crystal display panel is
manufactured by dropping a liquid crystal 17 within a
display region of a first transparent substrate 11; bonding
the first transparent substrate 11 to a second transparent
substrate 12 under reduced pressure'using a main seal 14,
the main seal 14 including a base resin 14A having
polymerized and cured molecules as a main component, a seal
monomer component 14C contributing to the pdlymerization,
and a microcapsule 14B containing the seal monomer component
and melt by heat; returning the bonded first and second
transparent éubstrates 11 and 12 back to a normal pressure;
heating the main seal 14 to melt the microcapsule 14B; and

polymerizing the base resin 14A to be cured.

[Claims]

{Claim 1] A method of manufacturing a liquid crystal

display panel, comprising:
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dropping a liquid crystal within a display region of a
first transparent substrate;

bonding the first transparent substrate to a second
transparent substrate under reduced pressure using a main
seal, the main seal including a base resin having
polymerized and cured molecules as a main component, a seal
monomer component contributing to the polymerization, and a
microcapsule containing the seal monomer component and melt
by heat;

returning the bonded first and second transparent
substrates to a normal pressure;

heating the main seal to melt the microcapsule; and

polymerizing the base resin to be cured.

[Claim 2] The method according to Claim 1, wherein the
microcapsule has a diameter smaller than that of a spacer
member ensuring a gap of the main seal.

[Claim 3] The method according to Claim 1 or 2, wherein
the main seal is an ultraviolet (UV) curable adhesive
composed Qf the base resin formed of denaturalized acrylate,
and the seal monomer component having a photopolymerization
initiator, an adhesive reinforcement agent and a reactive
diluent.

[Claim 4] The method according to any one of Claims 1 to
3, wherein polymerizing the base resin to be cured is

carried out right after heating the main seal to melt the
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microcapsule.

[Claim 5] The method according to any one of Claims 1 to
4, wherein the microcapsule has a melting temperature lower
than a melting point or a softening point of the base resin.

[Claim 6j The method according to any one of Claims 1 to
5, wherein the microcapsule has a melting temperature lower
than a boiling point of the seal monomer component.

[Claim 7] The method according to any one of Claims 1 to
6, wherein heating the main seal to melt the microcapsule
includes fitting a region for forming the main seal from
both surfaces of the first and second transparent substrates

‘by means of a pair of hot plates, and heating the main seal.

[Detailed Description of the Invention]

[0001]

[Technical Field of the Invention]

The present invention relates to a drop injection
method which does not requiré an injection port as a
simplified process of injecting the liquid crystal, which
provides the liquid crystal panel without any alignment
defects near the seal by dispersing microcapsules having a
diameter smaller than a spacer member among a main seal, and
breaking the capsule by means of heat right before curing
the seal to make a base resin and a monomer component such

as a curable agent mixed so that the monomer component is
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prevented from being eluted into the liquid crystal.
[0002]
[Description of the Related Art]

When a liquid crystal is injected into a liquid crystal
panel, there is a method referred to as a drop injection
method in order to shorten the time required for the
injection. An invention according to this method is already
implemented by inventors of the present invention (See
Japanese Patent Publication No. 1995-159795). Hereinafter,
this drop injection method will be briefly described. Fig. 4
is a view for explaining the drop injection method. First,
as shown in Fig. 4A, spacer members 3 are sprayed and
adhered on a first transparent substrate 1 of two
transparent substrates 1 and 2 which are already subjected
to alignment treatment. In addition, a main seal 4 composed
of an adhesive surrounding a display region is formed in the
‘'second transparent substrate 2, and a liquid crystal 7 is
dropped into the display region.

[0003]

Next, these transparent substrates 1 and 2 are bonded
to form a panel 6, and as shown in Fig. 4B, a uniform
pressure is applied to entire surfaces of the panel 6 to
make the liquid crystal 7 uniformly spread to the edge
within the main seal 4, a predetermined gap between the

transparent substrates 1 and 2 is formed, and the main seal
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4 is cured, thereby obtaining the liquid crystal panel as
shown in Fig. 4C.

[0004]

According to this drop injection method, a time
required for a process of injecting the liquid crystal is
significantly reduced compared to the conventional method,
and only a required liquid crystal can be used, and a yield
can be enhanced, which can lead to the significant cost down.
The drop injection method employs a resin cured by the
polymerization as the main seal 4.

[0005]

This resin is composed of two components such as a base
resin and a monomer component. Ambng these, the base resin
is one which is present béfore it becomes a polymer, which
is so called a prepolymer, and is cured by photopolymerizing
by an ultraviolet (UV)ray and constitutes a main component
of an adhesive resin. In addition, the monomer component is
composed of a photopolymerization—ihitiator, an adhesive
reinforcement agenﬁ, and a reactive diluent.

[0006]

The photopolymerization initiator is a material which
initiates the photopolymerization and is consumed during a
reaction. In addition, the adhesive reinforcement agent is
added to reinforce an adhesive property of the main seal,

and the reactive diluent is added because it makes the



HO09-281511.doc -6-

polymerization reaction uniformly proceed without depending
on a location by reducing a viscosity of the base resin. In
the above-described process of manufacturing the panel, a
material already mixed with the base resin and the monomer
component is used as the main seal 4, and the transparent
substrates 1 and 2 are pressed and aligned to each other,
and UV rays are irradiated on the main seal 4. The
photopolymerization initiator within the monomer component
initiates the polymerization of the base resin, which is
photopolymerized and cured, so that the upper and lower
transparent substrates are bonded to each other.

[0007]

However, in the related art, a material already mixed
with the base resin and the monomer component is used as the
main seal, and the transparent substrates 1 and 2 are
pressed and aligned to each other as shown in Fig. 5A, and
the liquid crystal 7 becomes in contact with the main seal 4
as shown in Fig. 5B, so that the monomer component 8 leaks
into the liquid crystal 7, which causes an alignment defect
of an alignment layer (not shown) near the seal 4 to occur
du;ing the leakage. In addition, Fig. 5 is a partially
enlarged view of a section of the liquid crystal panel near
the seal.

{0008]

A molecular weight of the monomer component 8 is close
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to that of the liquid crystal molecule and has high
compatibility, so that the ieaked monomer component is melt
into the liquid crystal 7 near the seal 4. Some of the
monomer éomponents 8 is apt to be dissociated into ions,
which is eluted into the liquid crystal 7 so that a voltage
retention rate of the liquid crystal 7 is degraded, which
causes decoloration. This phenomenon is more significant
when dielectric anisotropy of the liquid crystal is higher,
which is particularly troublesome in the low voltage driven
liquid crystal which is recently noticed.

[0009]

An object of the present invention is to solve the
above-mentioned problems.

[0010]

[Means for Solving the Problems]

In order to accomplish the above-mentioned object, the
present invention provides a method of manufacturing a
liquid crystal display panel, which includes: dropping a
liquid crystal within a display region of a first
transparent substrate; bonding the first transparent
substrate to a second transparent substrate under reduced
pressure usingva main seal, fhe main seal including a base
resin having polymerized and cured molecules as a main
component, a seal monomer component contributing to the

polymerization, and a microcapsule containing the seal
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monomer component and melt by heat; returning the bonded
first and second transparent substrates to a normal
pressure; heating the main seal to melt the microcapsule;
and polymerizing the base resin to be cured. A diameter of
the microcapsule may be smaller than a diameter of a spacer
member ensuring a gap of the main seal, and the main seal
may be an ultraviolet (UV) curable adhesive composed of the
base resin formed of denaturalized acrylate, and the seal
monomer component having a photopolymerization initiator, an
adhesive reinforcement agent and a reactive diluent. In
addition, polymerizing the base resin to be cured may be
carried out right after heating the main seal to melt the
microcapsule, and a melting temperature of the microcapsule
may be lower than a melting point or a softening point of
the base resin. A melting temperature of the microcapsule
may be lower than a boiling point of the seal monomer
component, and heating the main seal to melt the
microcaésule may include fitting a region for forming the
main seal from both surfaces of the first and second
transparent substrates by means of a pair of hot plates, and
heating the main seal.

{0011}

Subsequently, operation effects of the present
invention will be described. According to the present

invention, the seal monomer component contributing to the
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polymerization reaction of the base resin uses the main seal
encapsulated within the microcapsule melt byIthe heat, so
that the seal monomer component is still encapsulated within
the microcapsule when the first and second transparent
substrates are bonded to each other so that it is not eluted
into the liquid crystal. As a result, contamination of the
seal or the alignment defects of the alignment layer near
the seal resulted from the elution, or decoloration due to a
degraded voltage retention rate resulted from the
contamination of the liquid crystal can be suppressed.

(0012]

In addition, the compatability of the base resin and
the liquid crystal is significantly low, so that it is not
necessaiy to perform curing right after bonding the
transparent substrates so as to prevent the contamination of
the liquid crystal, thereby enhancing workability. In
addition, according to the present invention, the diameter
of the microcapsule is smailer than that of the spacer
member ensuring the gape of the main seal, so that the
pressure is not directly delivered to the capsule because of
the presence of the spacer member when the transparent
substrates are aligned and pressed to be bonded each other.
As a result, the seal monomer component can be suppressed
from being flowed out from the broken capsule.

[0013]
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In addition, according to the present invention, the
main seal is a UV curable adhesive which is composed of the
base resin formed of denaturalized acrylate, and the seal
monomer component having a photopolymerization initiator, an
adhesive reinforcement agent and a reactive diluent, so that
it can be rapidly cured by irradiating the UV rays. In
addition, according to the present invention, polymerizing
the base resin to be cured is carried out right after
heating the main seal to melt the microcapsule, so that the
seal monomer component can be prevented from being eluted at
the seal/liquid crystal interface.

[0014]

In addition, accordiﬁg to the present invention, a
melting temperature of the microcapsule is lower than a
melting point of a softening point of the base resin, so
that the base resin can be prevented from being melted and
eluted into the liquid crystal during a process of heating
the microcapsule, or the seal monomer component of the base
resin can‘be prevented from being smeared out from the base
resin and eluted into the liquid crystal. In addition,
according to the present invention, the melting temperature
of the microcapsule is lower than the boiling point of the
seal monomer component, so that the seal monomer component.
can be prevented from being evaporated to be bubbles during

a process of heating the microcapsule.
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[0015]

Furthermore, according to the present invention,
heating the main seal to melt the microcapsule includes
fitting a region for forming the main seal from both
surfaces of the first and second transparent substrates by
means of a pair of hot plates, and heating the main seal, so
that melting the capsule can be uniformly and rapidly
carried out, and the unreacted seal monomer component can be
prevented from being eluted into the liquid crystal resulted
from inclination to one side or temperature distribution
within the main seal.

[0016]

[Embodiments]

Hereinafter, embodiments of the present invention will
be described with reference to the attached drawings. Fig.
1 is a view for explaining a drop injection method, Fig. 2
is a pross—sectional view for explaining a state near a seal
in a method of manufacturiﬁg-a liquid crystal display panel
associated with an embodiment of the present invention. And,
Fig. 3 is a graph illustrating a relationship between a
softening point and an average molecular weight of main seal
(e.g., epoxy acrylate).

[0017]

First, a method of manufacturing the main seal used to

bond the transparent substrate in this method will be
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described before describing the method of manufacturing the
liquid crystal display panel associated with the present
embodiment. The main seal is composed of a base resin and a
seal monomer component encapsulated within a capsule.

[0018]

The base resin is one which is present before it
becomes a polymer, which is so called a prepolymer, ahd is
cured by photopolymerizing using an ultraviolet (UV) ray and
constitutes a main component of an adhesive resin. In the
present embodiment, an epoxy acrylate resin is used as one
kind of denaturalized acrylate. The seal monomer component
is composed of a photopolymerization initiator, an adhesive
reinforcement agent, and a reactive diluent.

[0019]

The photopolymerization initiator is a material which
initiates the photopolymerization and is consumed during a
reaction. In the present embodiment, radical reactive
cleavage benzoisobutylether or disopropyl ketone is employed.
In addition, the adhesive reinforcement agent is added to
reinforce an adhesive property of the main seal, and the
reactive diluent is added because it makes the
polymerization reaction uniformly proceed without depending
on a location by reducing viscosity of the base resin. In
the present embodiment, any one among 1, 4-buthandiol

diacrylate (BUDA), 1,6-hexandiol diacrylate (HDDA),
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diethyleneglycol diacrylate (DEGDA), or neopentylglycol
diacrylate (NPGDA which have 2 functional monomers having a
loQ viscosity and a low volatile property is employed.

[0020]

The seal monomer component is encapsulated by the
thermo plastic resin such as poly metha crylacid methyl,
polystyrene, polyethylene (melting point: 80°C to 110°C)
using the well known techniques such as an interface
polymerization method or an in-situ polymerization method,
so that a microcapsule having a diameter of 1m to Sum is
formed. This miérocapsule is mixed at a rate of 10 to 30wt%
in the epoxy acrylate in which the molecular weight is
adjusted (in the present embodiment, average molecular
weight 2000) so as to make softening point become 110°C or
more.

[0021]

In this case, to make the melting temperature of the
epoxy acrylate as the base resin become 110°C or more of the
.-microcapsule is because the base resin is softened while the
microcapsule is melt if the softening point of the base
resin is less than 110°C when the microcapsule is melt by
heat so that it is eluted into the liquid crystal.

[0022]

Fig. 3 is a graph illustrating a relationship between a

softening point and an average molecular weight of epoxy
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acrylate. In order to make the melting temperature of the
epoxy acrylate as the base resin become 110°C or more of the
microcapsule and prevent the base resin from being softened
even when. the microcapsule is melt, it can seen from Fig. 3
that the average molecular weight of the epoxy acrylate

- should be at least 2000. Accordingly, it is 2000 in the
present invention.

[0023]

A glass fiber spacer (made by Nippon Electric Glass/6.5
pm) for ensuring a gap between the transparent substrates is
added by 0.05wt% to the mixture between the base resin and
the microcapsule containing the seal monomer component, and
an arbitrary amount of volatile dilute solvent (e.g., acetic
vinyl/boiling point of 73°C) is added thereto and
sufficiently agitated. After the agitation, the volatile
dilute solvent is removed by vacuum drying, so that the main
seal is. obtained.

[0024]

In addition, a known additive may be added to the seal
monomer component, if necessary. Hereinafter, a method of
manufacturing the liquid crystal display panel using the
main seal will be described. As shown in Fig. 1A, the main
seal 14 formed by the above-described process is applied to
the frame using a dispenser (not shown) on the first

transparent substrate 11 which is already orientated and in
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which a color filter having a thickness of 1.5 Hm (not shown)
is formed on the surface, and a liquid crystal (e.g., MERCK
ZLI-4792) 17 is uniformly dropped within the surface by the
required amount based on the frame area and the cell
thickness using an electronic valve controlling

dispenser (not shown).

[0025]

In the meantime, an adhesive spacer (e.g. Gum Hayakawa;
thermal melting type/5.0 pum) 13 is sprayed in the alreadly
orientated second transparent substrate 12 where a drive
‘device such as an active matrix thin film transistor (TFT)
which is not shown is formed, and then fixed by a heat of
150°C. Subsequently, the first transparent substrate 11 is
mounted on a lower stage (not shown) within a vacuum chamber
and fixed by a guide (not shown). A retention plate (not
shown) is held between the second transparent substrate 12
and the first transparent substrate 11, and the second
trénsparent substrate 12 is set on the first transparent
substrate 11. Then, an approximate alignment is carried out,
and they are fixed by the guide and then aligned. The vacuum
chamber is then vacuumized and the retention plate is
removed therefrom, and the lower stage is moved upward to
make the transparent substrates 11 and 12 aligned. The lower
stage is moved upward to make the transparent substrates 11

and 12 aligned until the main seal 14 is sufficiently
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pressed by a gap (about 10 pm).

[0026]

Subsequently, the second transparent substrate 12
becomes free from the fixation and the lower stagé is moved
downward to make an atmosphere within the chamber returned
to a normal pressure, and pressing is carried out until the
gap between both substrates is a predetermined thickness
(display part: 5.0 um, seal part: 6.5um) (Fig 1B). Fig. 2A
shows the cross-sectional view near the seal of the liquid
crystal display panel at this time. In addition, Referring
to Fig. 2, a reference numeral 18 denotes a color filter
having a thickness of 1.5pm, 14D denotes a fiber spacer as
one example of the spacer member ensuring the gap of the
main seal. In this case, the seal monomer component 14C
contained in the main seal 14 is still encapsulated within
the microcapsule 14B as shown in Fig. 2A, which is not
eluted into the liquid crystal or the base resin 14A, so
that contamination of the seal or the alignmenﬁ defects of
the alignment layer near the seal resulted from the elution,
or decoloration due to a degraded voltage retention rate
resulted from the contamination of the liquid crystal can be
suppressed.

[0027]

In addition, according to the present invention, the

diameter of the microcapsule is 1 pm to 5Sym, which is smaller



H09-281511.doc -17 -

than the diameter of the fiber spacer 14D, that is, 6.5 ym,
so that the pressure is not directly delivered to the
capsule because of the presence of the spacer member when
the transparent substrates 11 and 12 are aligned and pressed
to be bonded each other. As a result, the seal monomer
component can be suppressed from being flowed out from the
broken capsule.

[0028]

In addition, the compatability of the base resin and
the liquid crystal is significantly low, so that it is not
necessary to perform curing right after bonding the
transparent substrates so as to prevent the contamination of
the liquid crystal, thereby enhancing workability.
Subsequently, the first and second transparent substrates 11
and 12 are accurately aligned, and four sides of these
transparent substrates 11 and 12 are temporarily fixed.

[0029]

The bonded transparent substrates 11 and 12 are heated
by a pair of hot plates HP1l and HP2 at a temperature of 80°C
to 110°C (which is dependent on the capsule material) to
melt the microcapsule 14B. A cross-sectional view near the
seal in this process is shown in Fig. 2B. As shown in Fig.
2B, by heating the hot plates HP1l and HP2, the microcapsule
14B is melt so that the seal monomer component 14C is eluted

ihto the base resin 14A.
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[0030]

In this case, the melting temperature (110°C) of the
microcapsule 14B is lower than a melting point (130°C to
140°C) of a softening point of the base resin 14A, so that
the base resin 14A can be prevented from being melt and
eluted into the liquid crystal 17 during the process of
heating the microcapsule, or the seal monomer component 14C
of the base resin 14A can be prevented from being smeared
out from the base resin 14A and eluted into the liquid
crystal 17.

[0031]

in addition, the melting temperature of the
microcapsule is lower than the boiling point of the seal
monomer component 14C, so that the seal monomer .component
14C can be prevented from being evaporated to be bubbles
during the process of heating the microcapsule. In addition,
'a region for forming the main seal 14 is fit from both
surfaces of the first and second transparent substrates 11
and 12 by means of the pair of hot plates HPl and HP2 and is
heated to melt the microcapsule 14B, so that melting the
capsule can be uniformly and rapidly carried out, and the
unreacted seal monomer component 14C can be prevented from
being eluted into the liquid crystal 17 resulted from
inclination to one side or temperature distribution within

the main seal.
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[0032]

Subsequently, the UV rays are irradiated on the main
seal 14 to cure the seal right after the process of melting
the microcapsule is carried out. In this case, it is done
right after the process of melting the microcapsule 14B by
heating the main seal 14, so that the seal monomer component
14C at the interface between the main seal 14 and the liquid
crystal 17 can be prevented from being eluted.

[0033]

After the above-described processes, a liquid crystal
display panel 16 as shown in Fig. 1C is manufactured. In
addition, material which is initialiy mentioned is employed
as the main seal in the present embodiment, however, the
present invention is not limited thereto, and another
denaturalized acrylate instead of the epoxy acrylate may be
employed as the base resin, and a radical reaction cleavage
type as the photopolymerization initiator may be employed
instead of benzoisobutylether or diisopropyl ketone to
obtain the same effect.

{0034}

In addition, poly methacrylacid methyl, polystyrene,
polyethylene (melting temperature: 80°C to 110°C) are
employed as the materials of the microcapsule in the present
embodiment, however, the present invention is not limited

thereto, and the same effect can be obtained as long as the
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thermoplastic resin has the melting temperature lower than
the softening point, the melting point, and the boiling
point of the base resin or the seal monomer component. In
addition, a thermal melting type microcapsule is used
instead of destructive pressure type microcapsule in the
present invention.

[0035]

The reason is because when the destructive pressure
type microcapsule is used, almost the same location is
-broken when the substrate is compressed to cause the seal
monomer componentbto eluted in almost the same direction per
microcapsule so that it is not uniformly spread within in
the base resin. However, in a case of the thermal melting
type, there is a high possibility that locations where each
of the miCrocapsules is broken are uniformly spread, so that
the seal monomer component can isotropically flow within the
base resin to make them uniformly spread within the base
resin compared to the case of the destructive pressufe type.

[0036]

According to the present invention as described above,
the seal monomer component is still encapsﬁlated within the
microcapsule when the first and second transparent
substrates are bonded to each other so that it is not eluted
into the liquid crystal, so that contamination of the seal

or the alignment defects of the alignment layer near the
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seal resulted from the elution, or decoloration due to a
degraded voltage retention rate resulted from the
contamination of the liquid crystal can be suppressed. Also,
the compatability of the base resin and the liquid crystal
is significantly low, so that it is not necessary to perform
curing right after bonding the transparent substrate so as
to prevent the contamination of the liquid crystal, tnereby
enhancing workability.

[0037]

Furthermore, in the present invention, the diameter of
‘the microcapsule is smaller than the diameter of the spacer
member ensuring the gap of the main seal, so that the seal
monomer component can be prevented from being smeared out
due to a pressure of breaking the capsule when the
transparent substrates are aligned and bonded by the
pressing. In addition, in the present invention, the main
seal is a UV curable adhesive composed of the base resin
formed of denaturalized acrylate, and the seal monomer
component having-é phntopolymerization initiator, an
adhesive reinforcement agent and a reactive diluent, so that
it can be rapidly cured by irradiating the UV rays.

[0038]

In addition, in the present invention, polymerizing the
base resin to be cured is carried out right after heating

the main seal to melt the microcapsule, so that the seal
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monomer component can be prevented from being eluted at the
seal/liquid crystal interface. Furthermore, in the present
invention, the melting temperature of the microcapsule is
lower than the softening point or the melting point of the
base resin, so that the base resin can be prevented from
being melt and eluted into the liquid crystal during the
process of heating the microcapsule, or the seal monomer
component of the base resin can be prevented from being
‘smeared out from the base resin and eluted into the liquid

crystal.

[0039]

Furthermore, in the present invention, the melting
temperéture of the microcapsule is lower than the boiling
point of the seal monomer component, so that the seal
monomer component can be prevented from being evaporated to
be bubbles during the process of heating the microcapsule.
In addition, in the present invention, heating -the main seal
to melt the microcapsule includes fitting a region for
forming the main seal from both surfaces of the first and
second transparent substrates by means of a pair of hot
plates, and heating the main seal, so that melting thé
-capsule can be uniformly and rapidly carried out, and the
unreacted seal monomer component can be prevented from being
eluted into the liquid crystal resulted from inclination to

one side or temperature distribution within the main seal.
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{Brief Description of the Drawings]
(Fig. 1}

Fig. 1 is a view illustrating a method of manufacturing
a liquid crystal display panel associated with an embodiment
of the present invention.

(Fig. 2]

Fig. 2 is a cross-sectional view for explaining a state
near a seal in a method of manufacturing a liquid crystal
display panel associated with an embodiment of the present
invention.

[Fig. 3]

Fig. 3 is a graph illustrating a relationship between a
softening point and an average molecular weight of epoxy
acrylate.

[Fig. 4]

Fig. 4 is a view illustrating a drop injection method

in accordance with the related art.
{Fig. 5]

Fig. 5 is a view illustrating a conventional problem.
[Reference Numerals]

11: first transparent substrate

12: second transparent substrate

13: spacer

14: main seal

14A: base resin
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14B: microcapsule

14C: seal monomer component

14D: fiber spacer (spacer member)
16: panel

17: liquid crystal

18: color filter

HP1, HP2: hot plate
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